INTRODUCTION
Vascular access care has evolved significantly over the last decade since the original Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines were published in 1997. These guidelines identified both evidence-based and opinion-based recommendations to improve vascular access outcomes in the United States (1) . The Fistula First Initiative, which is a continuous quality improvement project and aims to increase the number of prevalent patients dialyzing with a fistula to 65%, has further contributed to this changing scenario (2) . The emergence of Interventional Nephrology as a distinct nephrology subspecialty has also occurred during this decade. This article will provide a brief overview of Interventional Nephrology, with an emphasis on the history of the discipline and the scope of the field.
The past
In patients with acute renal dysfunction, renal ultrasounds are frequently required to evaluate the etiology and duration of kidney disease and to assist in obtaining biopsy specimens. Patients with chronic renal dysfunction further require many diagnostic and interventional procedures for the maintenance of an optimal (and patent) vascular access. Some of these procedures include preoperative vascular mapping to assess the optimal vessels for construction of arteriovenous fistulas and grafts, and endovascular techniques for diagnosing and managing hemodialysis access dysfunction and placement of peritoneal dialysis catheters. In addition, many patients may require placement of tunneled dialysis catheters as a "bridge" until they have a mature functioning access. Tunneled catheters are sub-optimal modes of access and need to be frequently replaced due to access malfunction or infection. If endovascular techniques are contra-indicated or fail, patients may need to undergo surgical revision of accesses.
Historically, the vast majority of these procedures were traditionally performed by radiologists and vascular surgeons, who had minimal, if any, exposure to dialysis patients and their unique problems. Within the broad scope of inter ventional radiology, there were only a handful of physicians who had clinical expertise and enthusiasm for vascular access in hemodialysis patients (3) . This was further accentuated by a decline in the number of fellowship-trained interventional radiologists (4) (decreased supply) and a concomitant doubling of the population with ESRD (5) (increased demand) over the last decade.
Nephrologists, on the other hand, were trained to address almost all dialysis patient problems, with the exception of vascular access, and the average nephrologist had only a rudimentary knowledge of methods for assessing the adequacy and functioning of their patients' "lifeline". The dependence on other specialties to provide this essential component of care (since there can be no dialysis without a functioning access) led to a growing dissatisfaction and frustration among nephrologists (6, 7) and to the exploration of solutions that would minimize delays, reduce costs, and establish standards of care with regard to hemodialysis patients. Interventional nephrology, with the comprehensive perspective of the nephrologist and the ability to treat the patient as a whole, thus emerged as a promising alternative for improved patient care and outcomes as well as cost control.
Not surprisingly, turf battles between interventional radiologists, vascular surgeons and interventional nephrologists marred the beginnings. Concerns were raised about the quality of care, the proposed "proliferation of interventional nephrologists" and the scope of the training provided (8) . Other concerns expressed included the use of imaging equipment that failed to meet the interventional radiologists' standard of care, radiation safety, and the absence of the extensive backup that a hospital setting provides in the event of a catastrophic complication. These issues dealing with quality of care in a freestanding vascular access center were valid concerns.
However, the persistence and perseverance of the founding fathers of interventional nephrology have allayed these anxieties (7) and set the stage for the establishment and continued growth of this subspecialty.
The Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines on vascular access have made both evidencebased and opinion-based recommendations to improve vascular access outcomes in the United States (1). Numerous authors have now published outcome data from outpatient access centers staffed by inter ventional nephrologists and confirmed that their outcomes have either met or exceeded these recommendations (9-13). Additionally, both the suc cess rates and the complication rates for all procedures exceeded the Society of Interventional Radiology guide lines published for these procedures.
The present
The incidence and prevalence of patients with endstage renal disease is rapidly increasing and so is the incidence of vascular access problems. The economic impact of end-stage renal disease (ESRD) per se and vascular access in particular is vast, with vascular access representing 15% to 25% of aggregate per-patient ESRD medical costs (5) . With the advent of interventional nephrology, there has been a shift towards outpatient treatment of access problems with a concomitant decline in hospitalizations. From the patient's perspective, the experience has dramatically improved. Patients who had been accustomed to a waiting period of hours to days, with placements of intermittent short-term accesses to "buy time", as well as dealing with the frustrations of missed hemodialysis treatments, now have a turn-around time of hours with minimal missed treatments and hospitalizations. Add to this the economic benefits (14) resulting from having a dedicated vascular access center and we have a win-win situation for all.
To further strengthen the foundation of Interventional Nephrology as a discipline, the American Society of Diagnostic and Interventional Nephrology (ASDIN) was established in 2000. The ASDIN aims to "promote the proper application of new and existing procedures in the practice of nephrology with the goal of improving the care of nephrology patients." To that end, it has developed and published criteria for training and certification in diagnostic and interventional procedures (15) . In addition, in conjunction with the American Society of Nephrology and the National Kidney Foundation, the ASDIN has developed courses with both hands-on experience and a didactic curriculum to provide nephrologists with a comprehensive overview of vascular access and its challenges. For the last 5 years ASDIN has also held its own Annual Scientific Meeting, which targets interventionists and allied professionals involved in vascular access care.
Problems with vascular access are universal. To an increasing number of nephrologists the world over, the best way to provide total dialysis care has become interventional nephrology (16) . In Brazil, although nephrologists are interested in this subspecialty, a lack of training limits their involvement (17) . In Italy, arteriovenous access surgery has traditionally been performed by nephrologists with very little involvement by surgeons (18) . Nephrologists are entirely responsible for dialysis access creation, though angiographic procedures, when performed, are done by radiologists (19) . In Puerto Rico, establishment of an interventional nephrology program has improved the medical care of chronic dialysis patients (20) . Though the methods and the success with which different regions have dealt with these problems have varied, the ultimate goal is to establish optimal and complete care for the complex needs of the dialysis patient.
The future
The continued success of interventional nephrology as an independent discipline depends on our building upon the strong foundation that has been laid by the pioneers in this field. The face of nephrology is rapidly changing thanks to the vision of a few, but this is not the time to rest on our laurels; rather, we must forge ahead. With the advent of multiple vascular access centers, it is critical to establish and enforce stringent criteria that are essential to achieving and maintaining the high quality of care that our ESRD patients deserve. The concerns raised by members of the interventional radiology community (8) were not unreasonable and it is up to us to uphold the rigorous standards that have been established. Additionally, every practicing interventional nephrologist should be aware of, and heed, the limitations that distinguish a free-standing vascular access center in an ambulatory setting from a hospital-based suite. Some nephrologists have advocated a broader vision with the development of a "kidney-centric" rather than an "access-centric" approach (21) , which is certainly an attractive proposition for the future.
To sustain this progress, the involvement of academic training programs in interventional nephrology is crucial. At present, the program requirements for residency education in nephrology are woefully lacking in this critical aspect of ESRD patient care (22) . An analysis of procedural training provided by nephrology training programs in the United States revealed that a majority provided training in native and transplant kidney biopsies as well as in the placement of temporary hemodialysis catheters. However, less than 20% provided training in placement of tunneled hemodialysis catheters, peritoneal dialysis catheters and endovascular procedures on hemodialysis access (23) . At present, vascular access knowledge of the graduating nephrologist is minimal and inadequate to provide optimal care. Nephrology training programs and chiefs of service must become actively engaged in modifying the training to include, at the minimum, core vascular access knowledge for each trainee. To standardize this process, nephrology program directors, practicing nephrologists, and relevant societies (e.g., the ASDIN) should collaborate to develop and implement evidencebased guidelines (24) .
That being said, all nephrology trainees do not need to make interventional nephrology their major career focus. Those individuals that do may elect to spend additional focused time on interventional nephrology. As a developing subspecialty of nephrology, interventional nephrology must become an integral part of the nephrology training experience. To that end, an ideal development would be a year-long interventional nephrology fellowship, which would provide exposure to all aspects of vascular access and dialysis, including focused additional time with a vascular surgeon. There should be an added emphasis on developing research skills and experience, with the ultimate goal of making original contributions to the field (25) .
The future of interventional nephrology is bright. The subspecialty has emerged to fulfill a growing need and provides a forum for a multi-disciplinary approach to the care of the ESRD patient. After all, it is the patient who benefits the most from this care and is the driving force behind this enterprise. The interventional nephrologist has a pivotal role to play -working in tandem with the general nephrologist, interventional radiologist and the vascular surgeon -to optimize care of the hemodialysis patient. Vast and diverse opportunities for collaboration with other specialties in areas of research, training and education exist in this new scenario. It is up to us to make the best of it.
